Background: Private health insurance in South Korea mainly functions as supplementary and complementary health insurance that compensates for insufficient coverage by National Health Insurance. However, full private coverage of public sector cost-sharing led to the problem of encouraging moral hazard-induced utilization, resulting in a policy change that occurred in October 2009. At that time, the Korean government introduced a minimum cost-sharing policy for indemnity health insurance. The purpose of this study was to analyze the effect of cost-sharing in private health insurance on health care utilization. Methods: We analyzed data collected from the Korean Health Panel Survey from October 2008 to December 2011. We restricted the two groups to 803 purchasers with indemnity health insurance and 7023 non-purchasers who did not obtain any private health insurance. A difference-in-difference analysis was used to evaluate the effect of the 2009 policy. Results: After the policy change, the utilization of outpatient visits by purchasers gradually decreased more than nonpurchasers (0.015 in 2009 [p = 0.758], −0.117 in 2010 [p < 0.016], and −0.140 in 2011 [p = 0.004]). However, utilization of inpatient services was not statistically significant. Notably, the magnitude of the cost-sharing effect in indemnity health insurance was stronger for those receiving medical aid. Among this group, utilization of outpatient services (after the policy change in 2009) decreased more so than non-purchasers. Patients with three or more chronic diseases have not changed their health care utilization. Conclusions: Our results implied meaningful lessons for decision-makers and future health insurance policies in Korea and other countries in terms of cost-sharing in medical care. When policy makers intend to implement the cost-sharing, a different copayment scheme is needed according to the socioeconomic status or disease severity.
Background
The primary framework for the South Korean health insurance system is the National Health Insurance (NHI) program. The NHI program was implemented in 1963 by the Medical Insurance Act to provide a social safety net for the health care needs of all Korean citizens. In 1977, mandatory participation in the NHI program was applied to firms with 500 or more employees and has gradually been extended to public officials. By 1989, virtually all citizens in South Korean territories were subject to compulsory enrollment in the NHI program [1] .
Although Korea accomplished universal coverage through this mandatory NHI program, the public sector accounts for only 55.3 % of total health expenditure. As of 2011, this figure was well below the average of 72.2 % for Organization for Economic Co-operation and Development (OECD) countries [2] . Moreover, household expenditures for health constitutes 35.2 % of total household expenditures, which is greater than the average of 19.6 % for OECD countries [2] . As a consequence of such low coverage and high household spending, Korean people have had a tendency to solve insufficient coverage needs by using private health insurance (PHI) [3, 4] . Colombo and Tapay [5] emphasized that PHI is distinguished as primary, duplicate, complementary, and supplementary health insurance based on its role within the health care system and its interaction with public coverage. In South Korea, PHI mainly functions as supplementary and complementary health insurance under the NHI program [6] . There are two types of PHI in Korea. One type is fixed benefit insurance, which pays a fixed amount defined in accordance with the PHI contract. The other type is indemnity health insurance, which fully covers services uninsured by the NHI program and out-of-pocket payments for services covered by the NHI program [1, 4] . However, until October 2009, Korea faced the problem of patients with indemnity health insurance either paying very little or not participating in cost-sharing whatsoever. An OECD report claimed that complementary health insurance helps ensure access to needed care. However, full private coverage of public sector cost-sharing encourages moral hazard-induced utilization [5] . Unless some form of cost-sharing is retained to maintain individual cost awareness, PHI coverage hinders efforts to control outlays from public systems [5] .
According to the Korea Health Panel Survey, the total percentage of households with PHI increased from 70.6 % in 2008-76.8 % in 2011 [7] . With this increasing number of PHI purchasers, the Korean government has been concerned about the potential negative effects of PHI on NHI. If a purchaser of PHI utilizes more health care (due to the decrease in copayment under NHI), then PHI has a fiscal spillover on NHI (i.e., PHI may result to higher health care utilization and spending), and there is an inequity in health care utilization between the purchasers and non-purchasers of PHI. Several studies have shown concordant opinion that medical utilization of those who purchase PHI is higher than those without PHI [6, 8, 9] . In addition, a study showed that those with indemnity health insurance utilize more health care than those who purchase PHI with fixed benefits [10] . Consequently, complementary PHI is likely to contribute to the rapid increase in health expenditure, inducing fragmentation of the health system [4] .
For these reasons, the Korean government introduced minimum cost-sharing for indemnity health insurance in October 2009. Before the policy change, private health insurers almost fully covered the total amount of out-ofpocket payments after NHI for inpatient care to purchasers with indemnity insurance. The deductible per outpatient visit varied from approximately 5000-10,000 Korean Won (exchange rate: 1 USD = 1102 KRW; 1 EUR = 750 KRW, USD $ 5-9; EUR € 6-13). This new policy requires that if inpatient expenditures are 2,000,000 KRW (USD $ 1,813; EUR € 2,666) or less per year, purchasers with indemnity health insurance should pay 10 % of the out-of-pocket payments after NHI (i.e., coverage by indemnity health insurance was reduced from 100-90 %). If expenditures were 2,000,000 KRW (USD $ 1,813; EUR € 2,666) or more per year, purchasers could still be paid 100 % of the inpatient expenditures after NHI from their PHI company. For outpatient care, deductible costs were changed by 10,000 KRW (USD $ 9; EUR € 13) per clinic visit, 15,000 KRW (USD $ 14; EUR € 20) per hospital visit, and 20,000 KRW (USD $ 18; EUR € 27) per visit to a general hospital.
The introduction of cost-sharing in indemnity health insurance was designed to restrict health care expenditures by reducing moral hazard in medical utilization. However, there are two side effects of copayments. Sharing the cost of health care services should discourage moral hazard in health care consumers, and the over-utilization of medical services can be expected to decline [11] [12] [13] . However, patients with low income status may receive insufficient care when required due to cost-sharing [14, 15] . The role of cost-sharing in health care utilization has been extensively examined. Studies performed in other countries found that out-of-pocket payments on health care utilization had the effect of controlling health care utilization for outpatient and inpatient care, as well as for prescription drugs [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . In Korea, the number of physician visits decreased as a result of increasing copayments [27] . A study found that patients with low income and users of clinics were more sensitive to cost-sharing for ambulatory utilization [28] . Regarding cost-sharing among the elderly, a study found that outpatient costsharing for this population had little effect on controlling health care utilization [29] . Additionally, a recent study showed that the effect of the copayment waiver policy on children under the age of 6 years was unclear [30] . However, the effect of cost-sharing in indemnity health insurance under NHI has not been studied.
The purpose of this study was to analyze the effect of cost-sharing in PHI (indemnity) on health care utilization by examining the number of outpatient visits, the number of inpatient visits, and length of stay. The cost-sharing included only the beneficiaries of indemnity health insurance. Thus, this study compared the difference between those with indemnity health insurance and those without any PHI and aimed to reveal the net effect of the costsharing policy on individuals with indemnity health insurance. Specifically, this study tested the following two hypotheses: (1) After the introduction of cost-sharing, those with indemnity health insurance are less likely to use health care services than those without PHI over time. If so, (2) the magnitude of the cost-sharing effect differs according to public health insurance status (i.e., Medical Aid or National Health Insurance).
Methods

Data and study population
Data was acquired from the Korean Health Panel Survey, which was collected from October 2008 to December 2011. Detailed information for families and individuals was collected from a nationally representative sample of households; variables included demographic characteristics, income, savings and expenses, employment, housing, chronic conditions, use of medical services, medications, charges and source of payments, PHI, pregnancy and delivery, elder care, health behaviors, and health awareness [31] .
The initial 2008 baseline data consisted of information from 21,283 individuals in 7009 households. The control group included those who purchased any PHI, and the intervention group (i.e., beneficiary group) comprised neither those who purchased PHI with fixed benefits nor those who purchased both fixed-benefit and indemnity PHI, to reduce the heterogeneity of the intervention group. Thus, we restricted the study population to individuals who purchased indemnity health insurance or did not purchase any PHI. Among the 21,283 individuals at baseline (2008), we eliminated 12,168 participants who purchased PHI with fixed benefits, as well as 1290 who purchased PHI with both fixed benefits and indemnity. Among 7825 individuals, we excluded one participant whose employment status was unavailable at baseline. Overall, the sample used for the analysis was restricted to 7021 non-purchasers and 803 purchasers.
We respected the provisions of the Declaration of Helsinki and obeyed the protocol for the research project, adhering to safe and ethical principles. As this study used open national data for public access, we did not need to obtain individual informed consent.
Statistical analysis
We compared the general characteristics between purchasers and non-purchasers at baseline (2008) and used independent t-tests to compare the means of the health care utilization variables. The primary statistical model was difference-in-difference analysis (DID). The DID was used to reduce the probabilities of timeinvariant omitted variables and time trends by comparing results before and after policy reform [32] . DID analysis is one of the most frequently used and informative study designs for examining the effects of interventions in the social sciences. To briefly introduce DID analysis, consider an intervention given at some time point between time a and time b. There are only two groups (r = 0 or 1), and the intervention is given only to group 1. For an individual i with responses y ia and y ib , E (y iby ia | r = 0) includes only the time effect, whereas E (y iby ia | r = 1) includes both the time and intervention effects. Thus:
identifies the desired intervention effect (or the net effect of policy reform) by removing the time effect, where the subscript i is omitted assuming independent and identical distribution across i = 1, N [33] .
A regression equation was used to estimate the intervention effect of the policy. The equation is shown below:
In this equation, Y i is the total number of outpatient visits per person, the total number of admission days per person, or length of stay per person. Indices of medical use were analyzed using a negative binomial model with a log link function because the data in this study were not normally distributed. Thus, we used the negative binomial model by using Akaike Information Criterion. To select the appropriate model, we compared the regression with poisson distribution and negative binomial model. G is the group variable (non-purchaser or purchaser), T is the time variable (Y2008: pre-policy change; Y2009: time of policy change; Y2010: 1 year after policy change; Y2011: 2 years after policy change), and X is the set of covariates (i.e., demographic, socioeconomic, and health-related factors). In the regression, β 3 was the estimator of the difference-in-difference estimator (the net intervention effect of cost-sharing). Additionally, we analyzed the effects of cost sharing on helath care utilization according to public health insurance status (i.e., Medical Aid or National Health Insurance) and the number of disease. All statistical analyses were performed using SAS version 9.2 (SAS Institute, Inc., Cary, NC, USA). The Korean Won was converted to US dollars according to the 2008 average exchange rate: 1 USD = 1101 KRW; 1 EUR = 750 KRW [34] .
Variables
The main independent variable was the interaction term (difference-in-difference estimator) between the group (purchaser or non-purchaser) and time (2008) (2009) (2010) (2011) . The dependent variables measured quantity of health care utilization (i.e., the total number of outpatient visits Table 1 presents the results for the general characteristics between non-purchasers and purchasers at the baseline (2008). There were 7824 total participants (7021 non-purchasers and 803 purchasers). Table 2 Table 3 shows the results of the effect of cost-sharing in indemnity health insurance on health care utilization. With respect to the utilization of outpatient visits, those who purchased indemnity PHI utilized more than those who did not purchase any PHI (2.599; p < 0.000). For all participants, the utilization of outpatient visits increased over time. The result from the interaction coefficient (difference-in-difference estimator) indicated the net effect of policy change. After the policy change in 2009, purchaser utilization of outpatient services per person (difference in difference estimator) was −0.117 in 2010 (p = 0.0045) and −0.140 in 2011 (p = 0.004). These values indicate that the degree of decrease among those with indemnity PHI after policy implementation was greater than that of those without any PHI. The number of inpatient visits and length of stay per person showed a similar trend; the results for the number of inpatient visits and length of stay per person were not statistically significant.
Results
Additionally, results of the cost-sharing effect on health care utilization by type of health insurance (i.e., Medical Aid for the poor and national health insurance) are shown in Table 4 . Among those receiving Medical Aid, purchaser utilization of outpatient services per person (difference in difference estimator) was −0.491 in 2010 (p = 0.025) and −0.580 in 2011 (p = 0.008) after the policy change in 2009. Among the national health insurance beneficiaries, utilization of outpatient services was −0.098 in 2010 (p = 0.053) and −0.115 in 2011 (p = 0.025). These results indicate that the magnitude of the effect of cost-sharing in indemnity health insurance was strong for Medical Aid.
The results of the cost-sharing effect on health care utilization by the number of disease are shown in Table 5 . Among those with no chronic disease or one to two diseases, purchaser utilization of outpatient services per person decreased in 2010 and 2011. However, purchaser utilization of outpatient services per person has not changed their health care utilization.
Discussion
The aim of this study was to examine the effect of costsharing in PHI (indemnity) on the utilization of health care. We compared a group of individuals that purchased indemnity health insurance with a group of individuals that did not purchase any PHI. We analyzed the differences in utilization of inpatient and outpatient visits and length of stay per person between the two groups (before and after policy reform). After the introduction of costsharing, purchaser utilization of outpatient visits decreased more than non-purchaser utilization of outpatient visits over time. However, the magnitude of the cost-sharing effect was stronger for the poor (i.e., those receiving Medical Aid).
Our results were similar to the results of several previous studies. In France, reduction of out-ofpocket payments was found to encourage moral hazard in home-visit care [35] . A study of self-selection and moral hazard in Chile found that cost-sharing significantly affected outpatient utilization yet not inpatient utilization [36] . However, the findings of a study performed in Korea were different from our findings. This study used data from a PHI company and analyzed changes in health care consumption before and after the introduction and expansion of costsharing in indemnity PHI. The post-introduction and expansion group consumed less health care than the pre-introduction and expansion group for both inpatient days and outpatient visits [37] . With regard to the inpatients health care, our findings may be different from those of this previous study. In our study, cost-sharing for inpatient health care did not reduce the utilization of inpatient visits or length of stay per person. Differences in the mechanisms between outpatient and inpatient visits may have contributed to the differences in the results. Inpatient-care utilization is influenced more by physician recommendations and disease severity than by patient decisions [17] . In other words, the role of the medical provider as decision-maker was more important than the role of the patient in the case of inpatient utilization. Therefore, cost-sharing for inpatient health care utilization was not affected. Another possible explanation is because the data used in the previous study in Korea was obtained from only one PHI company.
The introduction of cost-sharing in indemnity health insurance appeared to have affected the decrease in outpatient visits. In 2009, the outpatient visits of purchasers declined more than non-purchasers; however, this difference was not statistically significant. It is possible that the effect size was not significant due to the policy only being implemented in October 2009. Nevertheless, the number of outpatient visits gradually declined from 2009-2011. This result indicated that the effect of costsharing on the utilization of inpatient care occurred after policy reform. The results of previous studies found that individuals who purchased PHI had an influence on increases in health care utilization [4, 6, 10, 38] . Consequently, our results may indicate that PHI-purchaser outpatient visits occurred after the policy change.
Additionally, we analyzed the effect of cost-sharing on health care utilization by type of health insurance (Medical Aid, NHI). The utilization of outpatient visits declined for both Medical Aid and NHI beneficiaries after the introduction of cost-sharing. However, the magnitude of the cost-sharing effect was stronger for Medical Aid. This result may indicate that lowincome patients are more sensitive to cost-sharing. Other studies reported similar differences in the effect size of cost-sharing by economic status. A study in Japan showed that utilization of outpatient care was most sensitive to the copayment rate [16] . Per-capita income stratification models revealed that the greatest copayment effect on inpatient care was for the lowest income group in the National Health Insurance system. A Korean study also showed that the magnitude of the impact of copayment on the number of physician visits varied depending on income level. Increasing cost-sharing rates affected health care utilization by individuals with relatively low income [28] . These results indicated that increasing copayment rates may raise problems by discouraging access to medical care services for the poor.
We additionally analyzed the effect of cost-sharing on health care utilization by the number of diseases to determine how different patterns of utilization. In our study, the patterns of utilization among the purchaser with 3 or more chronic diseases is significantly no difference after the introduction of cost-sharing in terms of both the number of inpatient days per person and the outpatient visit per person. These results implied that the policy on copayment may result in different patterns of health care utilization according to a proxy as the disease severity of patients.
Before the policy change, the decreasing health care utilization was anticipated among those with supplementary PHI. Although the increasing cost-sharing affected the utilization of outpatient care, these findings do not explain that there was over utilization or that services were appropriately used before policy reform. We could not certainly explain whether purchasers unnecessarily used more health care resources than non-purchaser before the introduction of policy. Also, we could not know change in pattern of outpatient visits among purchasers is due to decreasing unnecessary utilization. However, our findings at least show that the patients with three or more chronic disease, whom are likely to need the addressed health care, have not changed their utilization patterns after the policy implementation. Further, given that the poor people usually were unhealthy, copayment This study has several limitations. First, if individuals who purchased PHI before 2009 renewed their contract with a PHI provider, the prior policy was applied to the contract renewal, as the 2009 change was not retroactive. However, this study could not distinguish between new members and renewal members. Second, this study focused on the effect of health care utilization by both inpatients and outpatients. However, we could not account for the effect of changes in deductibles applied to the cost of drugs. An analysis of changes in the utilization of drugs should be performed. Third, the outcome variables were related to health care utilization, comprising the number of visits and length of stay. These indicators were rather broad, making it difficult to explain the consequences of our study, as health care utilization differs from specific diseases (e.g., a lifethreatening situation versus a minor health problem). Fourth, the intervention events must be exempt, and other characteristic should be similar between the groups when using the difference in difference approach. However, the purchasers with indemnity PHI were healthier and younger and had a higher household income than non-purchaser. Thus, the estimate of policy effect could be biased and different characteristic might have affected the observed utilization pattern. These limitations will be considered in a future study.
Conclusion
In conclusion, the impact of cost-sharing on health care utilization has been well established. In our study, there were two sides effect of cost-sharing in indemnity health insurance. Overall utilization of outpatients decreased after the introduction of cost-sharing in indemnity health insurance; however, this effect size was stronger for the poor and patients with three or more chronic diseases have not changed their health care utilization. Although the introduction of cost-sharing in indemnity health insurance was designed to restrict health care expenditure by reducing moral hazard in medical utilization, cost-sharing lead to reduced access to medical service utilization for the poor. Thus, these results implied meaningful lessons for decision-makers and future health insurance policies in Korea and other countries in terms of cost-sharing in medical care. When policy makers intend to implement the cost-sharing, a different copayment scheme is needed according to the socioeconomic status or disease severity. It has been shown that people in vulnerable groups are more susceptible to lowered access when implementing cost-sharing [39] . In line with previous studies, our results also showed similar trends. Hence, when designing the cost-sharing scheme, we suggest that low rate of costsharing in indemnity health insurance may be applied to the poor or persons who need health care (i.e., persons who had many disease or severe disease) so that people of low socioeconomic status or those whom essentially require health care utilization are not hindered from medical access.
